4? 




I Office S 
% 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



recd 0 5 APR 2004 



WIPO 



PCT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed m connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
1 ooT certlflcate and an y accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
public limited company" or their equivalents in Welsh, references to the name of the company 
m this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 

In accordance with the rules, the words "public limited company" may be replaced by p.l.c. , 
pic, P.L.C. or PLC. 




Patents Form 1/77 



Act 1977 

6) 



n 



Request for grant of a patent 

(See thenotes on the back of this form. You can also get an 
^aU.ryteaBetbomthe Patent Office to help you Oil in 
this form) 



X Office B 

THEWENT OFFICE 

. L 

29 MAR 2003 
NEWPORT 



1. Your reference 



4649N/GPOC 



2. Patent application number 

(The Patent Office will fill in this part) 



: 0307345 .9 

3 ' a^SS^=*===^H=55r^5- 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Prescot Road 
St Helens 
Merseyside 
WA10 3TT 



4. Title of the invention 



England 

GLAZING INSPECTION 



31HAR03 E79M39-1 002827 
POi/7700 0,00-0307345.9 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



2 9 W 2005 



6. 



8. 



Name of your agent Of you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



Patents ADP number (if you known) . 



Anthony Charles Halliwell 

Group Intellectual Property 

Pilkxngton pic 

European Technical Centre 

Hall Lane, 

La thorn, Ormskirk 

Lancashire L4 0 5UF 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country p tioTit y application number 

(if you know it) 



Date of filing 
(day /month /year) 



V this application is divided or otherwise 
derived from an earlier UK application 
give the number and the filing date of ' 
the earlier application 



Number of earlier application 



Date of filing 
(day /month /year) 



Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if. 

*) any applicant named in part 3 is not an inventor, or 

o) Nereis an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 
See note (d)) 



YES 



Patents Form 1/77 



Patents Form 1/77 



ter the number of sheets for any of the 
Mowing items you. are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 
Description 



11 



Claims 3 
Abstract 



Drawing^ 



3 Sf3? m 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) ' 

Any other documents 

(please specify) 



V 



11. 



I/We request the grant of a patent on the basis of this application. 

Signature . fct£jf Date 2$ |? |*>3 

N E Pettet in the absece of Anthony Charles Halliwell (Agent for the Applicant) 



12. Name and daytime telephone number of 
person to contact in the United Kingdom 



Warning ~ 

After an application for a patent has been tiled, the Comptroller of the Patent OMce will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You ' 
win 'be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write u see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) Ifyou have answered 'Yes' Patents Form 7/77 will need to be Bled. 

e) Once you have filled in the form you must remember to sign and date it 
0. For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



1 



GLAZTNTC TNSPKCTTOTvj 



a method 7r '° " OVeI meth ° d ° f ^ a Shad ° w ^ h — m 

In the production of vehicle giazings i, is . desirable to ^ ' 
detente Ite optical quality> „ ^ ^ , ( . ^ ^ ^ # ^ ^ 

Vno™ T ^ ° f Shad ° W8raphS fOT ~> « - optica, quality of glazing* is weil ' 

S tT; d T! 15 POSiti ° ned betWeeD 3 ^ ' igh ' ~™ W * » Pon-t 
source) and a shadowgraph* image of «he g,azing „ projectcd onto , screen ^ 

shadowgraph image is recorded by a COD camera arm analysed with tire aid of a 

» related ,o tire transmitted distomon of tire glazing. tte distoUon 
gbzmg ,s caused by variations in the thickness of the glas, m the case of a laminated 
glazmg mese vacations can be introdnced dnring me manufacture of tire glass pties or 

Ideally the faces of me g,ass plies are perfectly paral.el s0 ^ ^ lamination ^ * 
-~P^> to eachom OT .mpractic e ,howeve r ,me I ea re v^on S mmf 

ST « ^ 8,358 ^ ^ ^ itSdf ** **w wedge 

shaped sections m me glass or laminated glazing which causes deflection of light 

resulting in optical distortion Variation in this wedge angle causes tinnsmmed tight to 

converge or mverge and mis is represented in the shadowgraph image by iUumination 

greater this convergence or divergence becomes. 

wb- h !rT 79 ^ 10SMaPrMKSf0rm ^ U,te8,heo P ,ical ^ofag 1 azing 
Whrch ntihses shadowgraphs. A shadowgmph image of me glazing is projected onto a 
screen arid „ recorded and processed such mat point measurements are made of the 
Ulummation. ^ Processed shadowy image is men used ,o construe a reference 
unage and comparisons are then made between points of the processed image and 
corresponding points of the reference image. In constructing. me referee image, i, is fet 
necessary to ^determine an Uluminatioti value for all measuremen, points of the recorded 
shadowgraph xmage, including the regions of the i mam 

the^W t * • 210118 otthe ^age corresponding to printed areas of 

the glazing. Jh these regions an iUumination value is esfrW.H k ^. , • 

vame ls estimated by extrapolating from the 



2 

known illumination values of adjacent measurement points. Once illumination values 
have-been estimated for the measurement points on the shadowgraph image 
corresponding to the printed areas of the glazing, the reference image is constructed by 
carrying out convolution filtering over the entire shadowgraph image. Constructing the 
reference image in this way is time consuming and a number of calculations are carried 
out which are unnecessary. In addition, dark room conditions are required to form the 
shadowgraph. 

. It is an object of the present invention to improve on the aforementioned process. 

According to an embodiment of the invention there is provided a method of 
forming a shadowgraph image of an object comprising forming the image as a virtual 
image on a virtual image plane. Such a method can be used in ambient light conditions 
and dark room conditions are not required as they would be with conventional 
shadowgraph methods where the shadowgraph image is formed on a screen. 

The shadowgraph image may be formed by illuminating the object with a 
collimated light beam from a localised light source to create a shadowgraph image on the 
virtual image plane. 

The virtual image plane may be positioned behind or in front of the object. 

Preferably a wedge prism is used to tilt the virtual image plane. This is particularly 
useful when measuring the transmitted distortion of objects when it is required or 
desirable to make measurements at an angle, for example windscreens. 

The light source is preferably an LED. An LED (light emitting diode) is 
particularly suitable because it is a very small point source and consequently it improves 
the spatial resolution of the system over light sources used in the production of 
conventional shadowgraphs (e.g. arc lamps). Li addition, an LED is a solid state 
component and has a long life. 

The light may be collimated by a lens optical system or a mirror optical system. 
The use of a mirror system has advantages over a lens system in that it is cost effective 
and more compact with reduced spherical aberration in comparison with a lens system. 

The object is preferably a glazing. 

The invention also provides a method of determining the optical quality of a 
glazing which includes at least one area having a reduced light transmission comprising 
the following steps: 
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producing a shadowgraph image of the glazing as claimed in any of claims 1 to 9; 
measuring the illumination of the glazing at a plurality of measurement points 
arranged in an array extending over the glazing; 

determining any deviation in illumination at those points from a desired value at 
each point; 

wherein the at least one area of reduced light transmission is omitted from the array of 
measurement points. 

The invention further provides a method to determine the optical quality of a 
glazing comprising the following steps: 

illuminating the glazing with a localized light source to produce a shadowgraph 
image as claimed in any of claims 1 to 9; 

recording the shadowgraph image; 

determining valid measurement points of the shadowgraph image which excludes 
those points which correspond to obscured.area7oTme giazirigT 

processing the recorded shadowgraph image to determine an illumination value 
for each valid measurement point; 

constructing a reference image by scanning a convolution window point by point 
over the processed image and using a convolution filter to calculate a reference 
illumination value at points of the reference image which correspond to each point of the 
processed image by averaging the illumination values of the valid measurement points of 
the processed image covered by the convolution window; . 

comparing the illumination value of each valid measurement point of the 
processed shadowgraph image with corresponding points of the reference image to 
determine the optical quality of the glazing. 

The optical quality of the glazing is ignored in the areas in which it is obscured 
(e.g. a printed peripheral obscuration band, or a printed patch which conceals the base of 
a rear view mirror attached by adhesive), and hence the method of processing the 
shadowgraph image only performs calculations which are necessary and reduces the 
amount of time required to determine the optical quality of the glazing. 

In a preferred embodiment of the invention the convolution window is of constant 
area during the scanning operation. 
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The method preferably includes fee step of recording the reference image for 
comparison with the processed image. 

In the method a valid measurement point is preferably one in which the 
illumination value at that point is.. equal to or above a pre-set threshold. 

In the method it is preferable that when the point of the convolution window for 
which the reference illumination is being calculated corresponds with a non-valid 
measurement point of the processed image, a reference illumination is not calculated. 

In a preferred embodiment non- valid measurement points are not taken into 
account in the construction on the reference image. 

Preferably the same light source is used for the production of the shadowgraph 
image and in relation to calculating the reference image. 

Embodiments of the invention will now be described with reference to the 
drawings in which:- 

Figure 1 is a schematic perspective view of the arrangement of apparatus for 
producing a shadowgraph as a real image on a screen. 

Figure 2 is a schematic side view of apparatus for producing a 
shadowgraph as a virtual image on a virtual plane. 

Figure 3 is a top view of Figure 2. 

Figure 4 is a side view of a mirror optical system which may be used in the 
method of the invention. 

Figure 5 is a top view of Figure 4. 

Figures 6A-6D show different positions of a convolution window as it scans part 
of a glazing in a method to construct a reference image used in the determination of the 
optical quality of the glazing. 

Figures 7A-7C show different positions of a convolution window as it scans part 
of a glazing in an alternative method to construct a reference image used in the 
determination of the optical quality of the glazing. 

Figure 1 illustrates the formation of a shadowgraph image as a real image on a 
screen, A localised light source 10 illuminates a windscreen 12 and produces a 
shadowgraph image 14 of the windscreen on screen 16. A printed patch 30 on the 
windscreen is shown which conceals the base of a rear view mirror attached to the 
■windscreen with an adhesive. This patch casts a shadow 32 on the shadowgraph image 



14. The light source is a 450W Xenon arc lamp which provides a high intensity point 
source. The distance between the light source 10 and the windscreen 12 is 4m and the 
"distance between the windscreen 12 and the screen 16 is 2m. In the case of windscreens 
it is preferable that the measurements are carried out under real conditions, and so the 
windscreen is observed at an angle similar to what it would be when fitted in a vehicle 
and the axis of the light source is horizontal and parallel to the axis of the vehicle. A 
CCD camera 18, for example a 10 bit areascan CCD camera with linear response such as 
Hitachi camera model number KP-F1, is also shown which records the shadowgraph 
image 14. Whilst the camera 18 is shown in Figure 1 to be below the windscreen 12, this 
is not essential. It is only necessary that the camera has a non distorted view of screen 16 
so that it can record the shadowgraph image 14. The CCD camera 18 is associated with a 
computer 20 which is used in determining the optical quality of the glazing. The 
shadowgraph image 14 recorded by the camera 18 is stored in the memory of computer 
20 to aid in the construction of the reference image, and also for comparison with the 
reference image. 

Figures 2 to 5 relate to the formation of a shadowgraph image as a virtual 
image in a virtual image plane. In Figure 2 a localised light 50 source is expanded and 
collimated by lens 54 to illuminate windscreen 52. A "virtual" shadowgraph image is 
created on a virtual image plane 56 in space behind the windscreen. It will be 
appreciated that whilst the virtual image plane 56 is shown in this example to be 
positioned behind the windscreen 52, it could be arranged to be positioned in front of the 
windscreen. Lenses 58 and 60 enable both collection of the expanded collimated light 
and focussing of CCD camera 62 onto the virtual image plane. The distance between 
the light souce 50 and the windscreen 52 is about 2m and the distance between the 
windscreen 52 and the camera is about 2mm. In this particular example the virtual 
image plane is approximately lm from the windscreen, but this can be varied. 

The CCD camera 62 is a linescan camera which is used to sample the light 
intensity of the virtual shadowgraph image along the direction of the linescan elements, 
which is recorded in computer 64. A suitable CCD camera for this application is the 
Aviiva camera (4K pixels; lOum pixel) available from Atmel Corporation. 

A linescan camera is used because the windscreen (and hence me virtual image 
plane) is moving in the direction shown by arrow 70 in Figure 3, which enables the 
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linescan camera to scan, the entire virtual shadowgraph image by making a plurality of 
line scans. Each linescan is recorded in computer 64 and combined in such a way (built 
up from a series of single pixel lines) that the computer holds a record of the virtual 
shadowgraph image of the entire windscreen. 

It will be appreciated that appropriate positioning of the camera may be 
advantageous. Light from source 50 is directed towards camera 62 with the windscreen 
and virtual image plane being located in the light path between the source and the 
camera. With this arrangement almost all the light transmitted through the windscreen is 
sensed by the camera. This means that the system can be used in ambient light 
conditions and dark room conditions are not required as they would be with 
conventional shadowgraph systems where the shadowgraph image is formed on a 
screen. Also, a lower power light source may be used than is needed in conventional 
shadowgraph systems. A light emitting diode (LED) is particularly suitable because it is 
a very small point source and consequently it improves the spatial resolution of the 
system over light sources used in the production of conventional shadowgraphs (e.g. arc 
lamps). In addition, an LED is a solid state component and has a long life. A slit 67 
about 10mm wide may advantageously be used to reduce ambient light reaching the 
camera's sensing elements, thereby increasing the sensitivity of the system. 

Advantageously a wedge prism 66 may be provided between lens 60 and CCD 
camera 62 to tilt the virtual image plane. This is particularly useful when measuring the 
transmitted distortion of objects when it is required or desirable to make measurements 
at an angle, for example windscreens where it is preferable that the measurements are 
carried out under real conditions, so the windscreen is observed at an angle similar to 
what it would be when fitted in a vehicle and the axis of the light source is horizontal 
and parallel to the axis of the vehicle. 

As an alternative to using a lens optical system to focus the light transmitted from 
source 50 through the windscreen 52 onto a virtual image plane 56, a mirror optical 
system can be used. Such a system is illustrated in Figures 4 and 5 with light from source 
50 being reflected from plane mirror 72 and concave mirror 74 towards virtual image 
plane 56. Similarly a mirror system could be used to collect the collimated light. The use 
of a mirror system has the advantages of being cost effective and more compact with 
reduced spherical aberration in comparison with a lens system. 
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The virtual shadowgraph image recorded by computer 64 is processed by the 
computer in the same way as the real shadowgraph image is processed in our co-pending ' 
UK application number 0306259.3. Computer 64 detects valid and non-valid 
measurement points, where a valid measurement point corresponds to a non obscured part 
of the glazing and a non-valid measurement point corresponds to an obscured part of the 
glazing (e.g. a printed peripheral obscuration band, or a printed patch which conceals the 
base of a rear view mirror attached by adhesive). The valid measurement points are 
detected by the computer where the illumination value at that point is equal to or above a 
pre-set threshold and the non-valid measurement points are detected where the 
illumination value at that point is below the pre-set threshold. The shadowgraph image is 
then processed by quantifying the illumination values for each valid measurement point 
which is then stored in the computer memory. For each non-valid measurement point the 
illumination value is not quantified, but simply given a value of zero which is stored in 
the computer memory. 

The processed image therefore consists of quantified point measurements of the 
illumination value of the recorded shadowgraph image for all measurement points except 
those points which correspond to obscured or printed. areas of the glazing (i.e. the 
processed image comprises quantified point measurements of the illumination value of 
the valid measurement points). It is this processed image which is used to construct the 
reference image. This is done by "smoothing" the processed image by convolution 
filtering - scanning a convolution window point by point over the processed image and 
for each valid measurement point of the processed image a corresponding reference 
illumination value is calculated for the reference image by averaging the illumination 
values of the valid measurement points of the processed image covered by the 
convolution window. 

Construction of the reference image by convolution filtering is straightforward in 
areas of the glazing in which the convolution window covers only valid measurement 
points of the processed image. However, where the convolution window covers at least 
one non-valid measurement point, adjustments need to be made. 

Preferably a convolution window of dimensions 31x31 measurement points is 
used, but for illustrative purposes and with reference to Figure 6, one of 3 x 3 
measurement points will be used. Figure 6, which is not to scale, shows part of the 



processed image which includes valid and non-valid measurement points shown as a 
grid, each measurement point being represented as a box. The convolution window is 
depicted by the boxes within the boundary marked 28 (of 3 x 3 boxes). The non-valid ' 
measurement points are shown as a solid block 32 and in this particular instance 
correspond to a printed patch 30 on the glazing which conceals the base of a rear view 
mirror attached to the windscreen with an adhesive. A convolution window 28 is shown 
at four successive positions during its scanning over the processed image, position 1 at 
Figure 6A, position 2 at Figure 6B, position 3 at Figure 6C and position 4 at Figure 6D. 
At each position during its scanning over the processed image, the arithmetic mean of the 
illumination values of the valid measurement points, is carried out. In Figure 6 the 
dimensions of the convolution window is 3 x 3 and it is the geometric centre point of the 
window (shown as box 5) for which the reference iUumination is being calculated. 

In position 1 as shown in Figure 6 A the convolution filtering is straightforward as 
the convolution window covers only valid measurement points. To obtain the reference 
illumination value for the point of the reference image corresponding to the point of the 
processed image covered by box 5 of the convolution window, the following calculation 
is performed: 

1 

Is = [2 I] 19 



i.e. the average of the actual iUumination values of boxes 1 to 9 of the convolution 
window, each of which correspond to valid measurement points of the processed image. 

In position 2 as shown in Figure 6B, the convolution window covers one non- 
valid measurement point of the processed image (corresponding to the point covered by 
box 9 of the convolution window). This point is ignored in calculating the reference, 
illumination value for the point of the reference image corresponding to the point covered 
by box 5 of the convolution window, and the following calculation is performed to obtain 
the reference illumination value at that point:- 



Is = [S I] /8 
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i.e. the average of the actual illumination values of the boxes 1 to 8 of the convolution 
window, which correspond to valid measurement points of the processed image. 

In position 3 as shown in Figure 6C, the convolution window covers two non- 
valid measurement points of the processed image (corresponding to the points covered by 
boxes 8 and 9 of the convolution window) and these points are ignored in calculating the 
reference illumination value for the point of the reference image corresponding to the 
point covered by box 5 of the convolution window, and the following calculation is 
performed to obtain the reference illumination value at that point:- 
1 

Is = fz I] II 
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i.e. the average of the actual illumination values of boxes 1 to 7 of the convolution 
window, which correspond to valid measurement points of the processed image. 

In the case where box 5 of the convolution window covers a non-valid 
measurement point of the processed image, such as the position shown in Figure 6D, no 
reference illumination value is calculated and the corresponding point of the reference 
image is given a value of zero. 

By performing convolution filtering as described above over the entire surface of 
the processed image, a reference image is constructed which comprises a reference 
illumination value for each corresponding valid measurement point of the processed 
image. 

The reference image is now compared with the processed image to determine the 
optical quality of the glazing. The comparison is carried out by comparing the 
illumination values of corresponding points and calculating the ratio of illumination 
values of the points" of the processed image to those of the reference image. In this way it 
is possible to determine defects in the glazing which can be compared with a 
specification, usually one provided by the vehicle manufacturer, to determine whether or 
not the glazing meets the required specification. 

In the above method described with reference to Figure 6, the convolution window 
effectively reduces in size when calculating a reference illumination value when the 
window scans over at least one non-valid measurement point of the processed image. For 
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example in Figure 6A the area is 9 boxes, in 2B it is effectively 8 boxes and in Figure 6C 
it is effectively 7 boxes. This is because when the window covers boxes which 
correspond to non- valid measurement points of the processed image, these boxes are not 
taken into account in calculating the reference illumination value. In an alternative 
method, the convolution window may have a constant area during the scanning operation 
throughout entire construction of the reference image, i.e. when it scans over valid 
measurement points only of the processed image and also when it scans over non-valid 
measurement points of the processed image. This is done by altering the shape of the 
convolution window so that when it does cover a non-valid measurement point of the 
processed image, that non valid measurement point is ignored and replaced by a valid 
measurement point adjacent to the convolution window. In such a method the point of the 
convolution window at which the reference illumination is to be calculated may not 
always be the geometric centre point of the window, but is a pre-determined point of the 
convolution window. This method is illustrated in Figure 7, and in this particular example 
box 5 has been selected as the point of the convolution window at which the reference 
illumination is to be calculated, although a different box could be selected. The reference 
illumination calculated by this method for the point of the reference image corresponding 
to the point of the processed image covered by box 5 in each of the positions shown in 
Figures 7A-C is :- 
1 

h = [2 I] /9 
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In each example illustrated in Figure 7, the area of the convolution window is 9 
boxes although in each case the window is not a 3x3 square of boxes. 

As before with reference to the method described with reference to Figure 6, a 
reference image is constructed by performing convolution filtering over the entire surface 
of the processed image, and the reference image comprises a reference illumination value 
for each corresponding valid measurement point of the processed image. The reference 
image is now, as before with reference to the method described with reference to Figure 
6, compared with the processed image to determine the optical quality of the glazing by 
comparing the illumination values of corresponding points and calculating the ratio of 



11 

illumination values of the points of the processed image to those of the reference image. 
The defects in the glazing are thus determined and compared with a specification, usually 
one provided by the vehicle manufacturer, to determine whether or not the glazing meets 
the required specification. 

In the above methods the same light source is used for the production of the 
shadowgraph image and in relation to calculating the reference image. This reduces errors 
which maybe generated if different light sources are used 

It will be appreciated that the dimensions of each measurement point are smaller 
than the areas of the glazing which have a reduced light transmission, e.g. the printed 
patch 30 or a peripheral obscuration band. In the foregoing embodiments each 
measurement point has the dimensions of a pixel of the shadowgraph image which 
corresponds to a single sensing element of the CCD camera. 

With reference to the example described with reference to Figures 2 to 5, it will 
be appreciated that the windscreen 52 (and hence the virtual image plane) moves relative 
to the camera 62, which has the advantage that the system can be operated on a 
production line. However, it is possible that the glazing under test (and hence the virtual 
image plane) remains stationary in which case an areascan camera may be used to record 
the shadowgraph. 

It will also be appreciated that the system may be used to measure the transmitted 
distortion and/or surface imhomogeneities of objects other than glazings, such as 
spectacle lenses, contact lenses or mirrors. A linescan camera may be used provided there 
relative movement between the object under test and the camera, or an areascan camera 
could be used if there is no such relative movement. 
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CLAIMS 

A method of forming a shadowgraph image of an object comprising fo rmin g the 
image as a virtual image on a virtual image plane. 

A method of forming a shadowgraph image as claimed in claim 1 by illuminating 
the object with a collimated light beam from a localised light source to create a 
shadowgraph image on the virtual image plane. 

A method as claimed in claim 1 or claim 2 wherein the virtual image plane is 
positioned behind the obj ect. . 

A method as claimed in claim 1 or 2 wherein the virtual image plane is positioned 
in front of the object. 

A method of forming a shadowgraph as claimed in any of claims 2 to 4 wherein a 
wedge prism is used to tilt the virtual image plane. 

A method of forming a shadowgraph image as claimed in any of claims 2 to 5 
wherein the light source is an LED. 

A method as claimed in any of claims 2 to 6 wherein the light is collimated by a 
lens optical system. 

A method as claimed in any of claims 2 to 6 wherein the light is collimated by a 
mirror optical system. 

A method as claimed in any of claims 1 to 7 wherein the object is a glazing. 



A method of determining the optical quality of a glazing which includes at least 
one area having a reduced light transmission comprising the following steps: 
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producing a shadowgraph image of the glazing as claimed in any of claims 
1 to 9; 

measuring the illumination of the glazing at a plurality of measurement 
points arranged in an array extending over the glazing; 

determining any deviation in illumination at those points from a desired 
value at each point; 

wherein the at least one area of reduced light transmission is omitted from the 
array of measurement points. 

A method to determine the optical quality of a glazing comprising the following 
steps: 

illuminating the glazing with a localized light source to produce a 
shadowgraph image as claimed in any of claims 1 to 9; 
recording the shadowgraph image; 

determining valid measurement points of the shadowgraph image which 
excludes those points which correspond to obscured areas of the glazing; 

processing the recorded shadowgraph image to determine an illumination 
value for each valid measurement point; 

constructing a reference image by scanning a convolution window point by 
point over the processed image and using a convolution filter to calculate a 
reference illumination value at points of the reference image which correspond to 
each point of the processed image by averaging the illumination values of the valid 
measurement points of the processed image covered by the convolution window; 

comparing the illumination value of each valid measurement point of the 
processed shadowgraph image with corresponding points of the reference image 
to determine the optical quality of the glazing. 

A method as claimed in claim 1 1 wherein the convolution window is of constant 
area during the scanning operation. 

A method as claimed in claim 10 or claim. 1 1 including the step of recording the 
reference image for comparison with the processed image. 
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14. A method as claimed in any of claims 11 to 13 wherein a valid measurement 
point is one in which the illumination value at that point is equal to or above a 
pre-set threshold. 

15. A method as claimed in any of claims 1 1 to 14 wherein when the point of the 
convolution window for which the reference illumination is being calculated 
corresponds with a non- valid measurement point of the processed image, a 
reference illumination is not calculated. 

16. A method as claimed in any of claims 1 1 to 14 wherein non- valid measurement 
points are not taken into account in the construction on the reference image. 

17. A method as claimed in any of claims 1 1 to 16 wherein the same light source is 
used for the production of the shadowgraph image and in relation to calculating 
the reference image. 

18. A method to determine the optical quality of a glazing as hereinbefore described 
with reference to and as illustrated in the drawings. 



